The lateral sacral artery usually originates from the posterior trunk of the internal iliac artery. The current study of 342 specimens from 171 cadavers (79 male, 92 female) investigated the origin and course of the lateral sacral artery. It was observed to arise from the posterior trunk in 79.1%. Occasionally it originated from the anterior trunk that occurred in 1%. It arose from the sciatic artery in 8.8%, from the superior gluteal artery in 16.8%, and from the inferior gluteal artery in 5.4%. Conversely, the lateral sacral artery is congenital absence in 0.3%. In addition, the lateral sacral artery was single, double, triple, and quadruple in 77.2%, 19.8%, 2.3%, and 0.3%, respectively. Consequently, variability of the lateral sacral artery origin is due to vascular demand as the lateral sacral artery plexus does arise from the earlier trunk development. With variability of the lateral sacral artery origin, there is a variability of the sciatic nerve supply. Knowing the variability of origins, surgeons have to avoid prolonged ligation of the internal iliac artery or its posterior trunk during surgical procedures which may lead to sciatic neuropathy. Therefore, the lateral sacral artery origin, course, and branches are important for clinicians to improve their knowledge and patient management.
Introduction
The lateral sacral artery typically arises from the posterior trunk of the internal iliac artery and then divides into superior and inferior branches. The larger superior branch passes dorsally to anastomose with the middle sacral artery giving branches to supply the contents of the sacral spinal canal, by passing through the first and second anterior sacral foramen and the skin and muscle over the dorsum of the sacral region as they exit from the first and second posterior sacral foramen. The inferior branch passes obliquely over the ventral surface of piriformis and the sacral roots of the sciatic nerve giving branches which pass through the anterior sacral foramen to supply the contents of the lower part of the sacral spinal canal and the skin and muscle over the dorsal surface of the lower sacral region [1, 2] .
On series studies, the lateral sacral artery is found to be variable with no clear incidence of its variable origin. Knowing the incidence of variable origin of lateral sacral artery, the radiologists may alert the orthopedic surgeons to avoid iatrogenic errors such as internal hemorrhage as from lateral sacral artery laceration in internal fixation of sacrum. Therefore, the current study includes the variability of lateral sacral artery and its incidence to provide a sufficient anatomical data for clinicians, radiologists, and orthopedic surgeons to increase success rate of any surgical interferences of pelvis.
2
Advances in Anatomy specimens (171 rights, 171 lefts). The age range is 37-96 years in which the lateral sacral artery origin was investigated. The current study has been conducted in Centre for Anatomy and Human Identification, College of Life Sciences, University of Dundee in UK. It is under regulation and rule of UK research which has been approved from the Principal of anatomist. A transverse section through the abdomen above L4/L5 was made followed by sagittal sectioning of the pelvis. The peritoneum was removed after identifying the vesicouterine pouch in females and the rectovesical pouch in males. In females, the broad ligament, uterine tube, and ovary with its ligament were released and reflected from the lateral pelvic wall, while in males the vas deferens was removed or reflected superoanteriorly. The sigmoid colon was sectioned from the rectum at the rectosigmoidal junction at level of the sacral promontory, following which Waldeyer's fascia was incised to release the rectum from the pelvic wall. After removal of the pelvic fascia from the pelvic wall, as well as the endopelvic fascia, the iliac system (both venous and arterial) was exposed. At the bifurcation of the internal iliac into its anterior and posterior trunks, the lateral sacral artery could be clearly identified; its course, as well as those of its branches, was then followed and described.
Results
The lateral sacral artery was observed to have a variable origin, from the posterior trunk (79.1%), the superior gluteal artery (16.8%), the sciatic artery (8.8%), the inferior gluteal artery (5.4%), the dorsomedial side of the internal iliac artery (3.7%), and the anterior trunk (1%) ( Table 1 ). In one specimen (0.3%) it was absent, in which case the sacral sciatic nerve roots had no supply from the lateral sacral artery. The lateral sacral artery was observed to arise as a single (77.2%), double (19.8%), triple (2.3%), and quadruple (0.3%) vessel, which was absent in 0.3% (Table 2 ).
Discussion
The lateral sacral artery usually arises from the posterior trunk of the internal iliac artery [1] [2] [3] [4] . In Polish subjects, it has been classified as being small calibre parietal branches of the internal iliac artery [5] ; however Braithwaite [6] was the first to describe group variations in the origin of the parietal branches of the internal iliac artery. Within the pelvis, the arterial supply of the sciatic nerve roots, including the lumbar and sacral roots, is from the internal iliac artery via the iliolumbar, lateral sacral, and superior and inferior gluteal arteries [7] . Haller [8] noted that the roots and ganglia of the sacral nerves gained their supply from a diffuse arterial distribution. Bartholdy [9] and Tonkoff [10] both observed that the lumbar and sacral plexuses gained their supply from lumbar, iliolumbar, median, and lateral sacral arteries, as well as the gluteal and pudendal arteries. Subsequent authors including Hovelacque [11] described the distribution of the lateral sacral, median sacral, and gluteal and pudendal arteries to the sacral plexus focusing on the sciatic nerve. Based on a three-dimensional angiographic study of the internal iliac artery, Naguib et al. [12] reported that the lateral sacral artery was present in 88% of specimens examined. They also observed that it mainly arose not only from the posterior trunk (91%) but also from the internal iliac artery (7%) and the anterior trunk (1%), as well as from the inferior gluteal artery when it arose from the posterior trunk. This variability of origin is said to be due to development reasons [13] .
Each lateral sacral artery usually divides into superior and inferior branches (Figure 1) , with the superior branch passing through the upper two anterior sacral foramina, while the inferior branch takes a diagonal course over the ventral surface of piriformis and the sciatic nerve sacral roots (Figure 2 ) before entering the lower anterior sacral foramina. The artery anastomoses with the median sacral artery and contralateral lateral sacral artery at the level of the coccyx [1, 2] . Sharpey et al. [14] described the lateral sacral artery as having ventral and dorsal branches, of which the ventral branches supply piriformis and the sacral nerve roots The lateral sacral artery commonly arose from the internal iliac artery in different numbers but was found to be absent in one specimen. Observations are based on 342 specimens. terminating by anastomosing with the middle sacral artery, while the dorsal branches curve posteriorly to supply the contents of the spinal canal via the anterior sacral foramen, continuing their course through the posterior sacral foramina to supply the skin and muscle over the dorsal surface of the sacrum. The lateral sacral artery is considered to be the main arterial supply to the sciatic nerve in the pelvic region; however with a variable origin there may also be a variable supply to the sacral sciatic nerve roots during its course. In an early report, Poynter [15] observed the lateral sacral artery arising from the internal iliac artery in 22% of specimens; in the present study when the lateral sacral artery arose from the dorsomedial side of the internal iliac artery it supplied all sacral sciatic nerve roots during its course (Figure 3 ). When the artery arose from the anterior (Figure 4 ) or posterior trunk it also supplied all sciatic nerve roots, except the lumbosacral trunk as was the case when the lateral sacral artery arose from the sciatic artery ( Figure 5 ) or from the superior gluteal artery (Figure 6 ). However, when the lateral sacral artery arose from the inferior gluteal artery it supplied the lower two sciatic sacral roots only (Figure 7 ). It appears that, except in rare cases, the lateral sacral artery is the only artery directly supplying the sciatic nerve roots. In the study by Naguib et al. [12] as well as from the observations of this dissection based study, the lateral sacral artery most frequently arises from the posterior trunk of the internal iliac artery. Presentation of the lateral sacral artery origin from the anterior trunk occurred in 1% of specimens when the anterior trunk compensated for the posterior trunk. These variations can be explained by the development of the sciatic artery. Due to vascular demand, the lateral sacral artery plexus does not arise from the dorsal aspect of the primitive axial artery due to a delay in posterior trunk development and early anterior trunk development. In addition, the lateral sacral artery arising directly [12, 15] or indirectly [16] from the internal iliac artery is due to regression of the sciatic artery and development of internal iliac artery associated with a delay in the development of its trunks. The primitive axial artery therefore regresses as the primitive lateral sacral artery develops and continues to bud to supply tissue to provide sufficient vascularisation. Consequently, there is variability of the origin of the lateral sacral artery due to vascular demand sciatic tissue controlling the regression and development of its primitive plexus (Figure 8) .
IIA
In a previous study [17] , the lateral sacral artery was found to be a double in 98% of specimens and a triple artery in 2% of specimens. More recently [15] , it was reported to be a single in 55% and double in 45% of specimens. In the current study, the majority (77.2%) of lateral sacral arteries arose as single vessels, with double, triple, and quadruple vessels observed in 19.8%, 2.3%, and 0.3% of specimens, respectively. The number of lateral sacral arteries present can be explained by the vascular demand of tissues supplied. From the current study it is clear that the lateral sacral artery supplies the sacral roots during its course. However, the possibility of lateral sacral artery aneurysm associated with thrombosis [18] would create direct pressure and/or impairment of the collateral circulation [19, 20] to the sciatic nerve roots potentially giving rise to radiculopathy or acute low back pain [18] . Moreover, prolonged ligation of the internal iliac artery and its trunk may reduce the blood supply to the sciatic sacral nerve roots leading to sciatic neuropathy presenting with sciatic symptoms [18] [19] [20] [21] .
Internal pelvic haemorrhage may occur due to posterior pelvic (sacral) fracture as a result of lateral sacral artery laceration. Furthermore, the variability in origin of the lateral sacral artery should be considered by orthopaedic surgeons as a potential risk factor associated with internal pelvic haemorrhage during sacral screw fixation.
Conclusion
As the lateral sacral artery supplies the sacral roots during its course, sciatic neuropathy may occur due to ischemia, due [12] is a radiologic study and includes 86 cases, whereas the current study is an anatomical study and includes 342 cases (AT: anterior trunk; DM IIA: dorsomedial side of internal iliac artery; PT: posterior trunk; SGA: superior gluteal artery; IGA: inferior gluteal artery; IPA: internal pudendal artery; SA: sciatic artery).
to either thrombotic aneurysm of the lateral sacral artery or aneurysmal mass compression. Therefore, the lateral sacral artery origin, course, and branches are important for clinician to improve their knowledge and patient management.
